Production of reactive oxygen species by hemocytes from the marine mussel, Mytilus edulis: lysosomal localization and effect of xenobiotics.
Hemolymph of M. Edulis is rich in phagocytic hemocytes. Hemocytes contain numerous lysosomes which, in turn, contain various hydrolytic enzymes. Phagocytic activity of M. edulis hemocytes is thought to be associated with NAD(P)H-oxidase activity of the plasma membrane. The laser dye, dihydrorhodamine 123 (DHR), was used for cytochemical and biochemical detection of the generation of reactive oxygen species (ROS) by isolated M. edulis hemocytes. Hemocytes readily take up DHR from the suspension medium and selectively concentrate it in the lysosomes, wherein DHR is oxidized to fluorescent rhodamine 123. Concomitant uptake of DHR with superoxide dismutase or the spin-trap, tert-phenylbutyl nitrone, but not catalase markedly reduced fluorescence in the lysosomes implicating superoxide anion (O2-) but not hydrogen peroxide (H2O2) in DHR oxidation. Uptake of the anthraquinone, purpurin, and FeEDTA with DHR greatly amplified fluorescence within the lysosomes. These data are consistent with uptake of xenobiotics by hemocytes and their concentration in lysosomes wherein, ROS are generated in response to their accumulation. The rate of DHR oxidation by hemocytes was not stimulated by zymosan, a known stimulator of the oxidative burst. In vitro studies using the xanthine oxidase/hypoxanthine reaction to generate O2- and selective inhibitors of ROS production indicated that DHR is oxidized by O2- and H2O2 but not by .OH and that iron can participate in the reaction. Incubating isolated hemocytes promoted low-level, SOD-sensitive, FeEDTA-stimulated production of ethylene from alpha-keto-gamma-methiolbutyric acid, indicating the in situ formation of .OH via production of O2-. The above suggest that enhanced production of ROS in M. edulis hemocytes by xenobiotic accumulation within the lysosomal compartment should be considered in the toxic sequelae of exposure of marine molluscs to chemical pollutants.